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Sahjan (Moringa oleifera): Phytochemistry, 
pharmacological effects, and therapeutic 
applications –A comprehensive review
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Abstract

Moringa oleifera, commonly known as Sahjan or the drumstick tree, is widely recognized for its nutritional richness 
and medicinal value. In recent years, it has gained significant attention due to its diverse bioactive compounds, 
including flavonoids, phenolics, and glucosinolates, which contribute to its therapeutic potential. This review 
provides an updated overview of the phytochemistry, pharmacological activities, and therapeutic applications of 
M. oleifera. Studies have reported its antioxidant, anti-inflammatory, ant diabetic, antimicrobial, and anticancer 
properties, largely mediated through key molecular pathways. Although preclinical findings are promising, 
clinical evidence remains limited, and issues related to standardization and safety need further investigation. 
Overall, M. oleifera holds strong potential as a natural therapeutic agent and functional food, warranting more 
focused research for its effective clinical application.
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INTRODUCTION

The emergence of antibiotic resistance has 
renewed interest in natural antimicrobial 
compounds, with Moringa oleifera 

showing particular promise due to its traditional 
medicinal applications. This study evaluated 
the anti-bacterial efficacy, phytochemical 
composition, and cytotoxicity of various 
M. oleifera extracts (seeds, flowers, leaves, and 
resin) using ethanol, acetone, and methanol as 
solvents. The anti-bacterial activity was assessed 
against six bacterial strains using the agar disc 
diffusion method. The ethanol extract of resin 
demonstrated exceptional anti-bacterial activity 
against Streptococcus mutans, achieving 76.2% 
effectiveness compared to the positive control. Gas 
chromatography–mass spectrometry (GC-MS) 
analysis identified hydroquinone (38.46%) as 
the predominant compound in resin extract and 
benzeneacetonitrile, 4-hydroxy- (37.35%) in 
seed extract. Cytotoxicity testing using zebrafish 
embryos revealed favorable safety profiles with 
median lethal concentration (LC50) values of 
416 mg for resin extract and 293 mg for seed 
extract. In addition, larvicidal and ovicidal 
assessments showed significant vector control 
potential, with resin extract demonstrating 
superior efficacy (LC50 = 451.62 ppm) compared 

to seed extract (LC50 = 485.99 ppm). The findings suggest that 
M. oleifera extracts, particularly from resin and seeds, possess 
promising anti-bacterial properties with a favorable efficacy-
to-toxicity ratio, warranting further investigation for potential 
therapeutic applications.

BOTANICAL DESCRIPTION AND 
DISTRIBUTION

M. oleifera Lam. belongs to the family Moringaceae, which 
comprises a single genus with 13 species distributed across 
Asia, Africa, and Madagascar.[1] It is a fast-growing, tropical, 
deciduous perennial tree characterized by a soft, brittle stem 
with whitish-gray bark and drooping branches. The leaves 
are compound, typically tripinnate, with small, ovate leaflets, 
while the flowers are creamy-white and fragrant. The plant 
produces elongated, pendulous pods containing round seeds 
with wing-like structures.[2]
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M. oleifera is native to the sub-Himalayan regions of 
northern India but is now widely cultivated throughout 
tropical and subtropical regions of the world, including 
Asia, Africa, and Latin America.[3] The plant adapts well to 
a variety of environmental conditions and grows optimally 
at temperatures between 25°C and 35°C under direct 
sunlight, in well-drained soils with pH ranging from 5.0 to 
9.0.[4] It is highly drought-tolerant and can survive in poor 
soil conditions, making it suitable for cultivation in arid and 
semi-arid regions.

The plant can be propagated through seeds or stem cuttings, 
with vegetative propagation preferred for uniformity. 
M. oleifera begins bearing fruits within 6–8 months of 
planting, and yield improves significantly with age. India is 
the largest producer of M. oleifera, with major cultivation in 
states such as Andhra Pradesh, Karnataka, and Tamil Nadu. 
The plant is valued for its high productivity, with significant 
yields of pods and seeds, and its wide range of nutritional, 
medicinal, and industrial applications.[5]

PHYTOCHEMISTRY OF M. OLEIFERA

M. oleifera is a plant known for its rich phytochemical 
composition. It contains various bioactive compounds 
distributed across different plant parts. Various plant parts, 
including leaves, seeds, pods, roots, and flowers, contain 
a wide range of bioactive compounds.[6] A diverse range 
of over 90 phytochemical constituents has been reported 
in the genus Moringa, contributing to its broad spectrum 
of therapeutic properties. These bioactive compounds 
encompass proteins, amino acids, phenolic acids, 
carotenoids, alkaloids, glucosinolates, flavonoids, sterols, 
terpenes, tannins, saponins, fatty acids, glycosides, and 
polysaccharides.[7] M. oleifera seeds are rich in oil (43.56%), 
predominantly composed of unsaturated fatty acids, with 
oleic acid as the major constituent, followed by palmitic, 
stearic, lauric, linoleic, and linolenic acids. In addition, the 
seeds contain significant levels of polyphenols, flavonoids, 
and proanthocyanidins. Both seeds and leaves are abundant 
in flavonoids such as quercetin, rutin, kaempferol, myricetin, 
and isorhamnetin, as well as phenolic acids including gallic, 
caffeic, p-coumaric, and ellagic acids, contributing to their 
notable biological activities.[8] Immature pods and flowers 
of M. oleifera contain higher levels of monounsaturated 
fatty acids (16–30%) and relatively lower amounts of 
polyunsaturated fatty acids (34–47%) compared to the 
leaves.[5] M. oleifera leaves are a good source of vitamins, 
especially vitamin C, and fresh leaves have been reported 
to contain higher amounts than common sources like 
oranges.[9] The phytochemical composition of M. oleifera 
encompasses a broad spectrum of primary and secondary 
metabolites, including amino acids, vitamins, minerals, 
flavonoids, isothiocyanates, phenolic acids, and other 
bioactive constituents responsible for its biological 
activities.[10]

Flavonoid

Moringa exhibits strong antioxidant activity, primarily 
attributed to its high flavonoid content. These flavonoids 
are predominantly present in flavanol and glycoside forms. 
The other phytochemicals are rutin, quercetin, rhamnetin, 
kaempferol, apigenin, and myricetin.[11] Both leaves and 
seeds of M. oleifera are rich sources of flavonoids, including 
myricetin, rutin, kaempferol, quercetin, isorhamnetin, 
procyanidin, and catecholamine, and lutein pigments.[7] 
These compounds display significant antidiabetic activity 
by modulating key enzymes involved in glucose metabolism 
and improving insulin sensitivity. These enzymes regulate 
oxidative stress and inflammation, thereby contributing to 
the prevention and management of metabolic disorders. 
These also possess therapeutic potential in diabetes 
management.[12]

Alkaloids

Alkaloids are a class of basic nitrogen-containing compounds 
in which the nitrogen atom is typically present in the form 
of primary, secondary, or tertiary amines. Owing to their 
diverse pharmacological activities, these compounds hold 
considerable therapeutic significance. In M. oleifera, 
various alkaloids have been identified in different plant 
parts. The leaves contain alkaloidal constituents, while two 
novel alkaloids, marumoside A and marumoside B, along 
with aurnatiamide acetate, have been isolated from the 
roots.[13-15] Furthermore, the stem has been reported to possess 
moringinine and other moringin-type alkaloids.[7] Two novel 
pyrrole alkaloid glycosides, marumoside A and marumoside 
B, have been isolated from the leaves of M. oleifera, along 
with another related compound, pyrrolemarumine-4′′-O-
α-L-rhamnopyranoside.[11] A diverse range of alkaloidal 
compounds has been identified, including marumoside 
A[16] and B,[17] aurantiamide acetate, hostine D, methyl 
4-(α-L-rhamnopyranosyloxy) benzylcarbamate, various 
pyrrolemorine derivatives (A–G), pyrrolemarumine, and 
tangutorids E and F.[18] Notably, pyrrolemorine A and 
pyrrolemorine E exhibited significant neuroprotective 
activity, effectively reducing PC12 cell damage induced by 
oxygen–glucose deprivation even at a low concentration of 
0.1 μM.[10]  The phytochemical composition and biological 
significance of major plant parts of Moringa oleifera are 
summarized in Table 1.

Phenolic Acid

Phenolic acids in M. oleifera constitute an important class 
of bioactive compounds that contribute significantly to its 
antioxidant, anti-inflammatory, and therapeutic properties.[19] 
The major phenolic acids identified in M. oleifera include 
chlorogenic acid, caffeic acid, gallic acid, and p-coumaric 
acid, which are known to play a key role in its antioxidant 
and disease-preventive activities.[1] Niazirin has been isolated 
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from the seeds and leaves of M. oleifera through ethanol and 
butanol extraction and has shown α-glucosidase inhibitory 
activity with an half-maximal inhibitory concentration (IC50) 
value of 382.2 μM.[20] In addition, several phenolic compounds, 
including various caffeoylquinic acid derivatives, chlorogenic 
acid, benzoic acid derivatives, and methyl caffeoylquinates, 
have been obtained from leaf extracts using ethyl acetate and 
butanol. Other phenolics identified from different plant parts 
include caffeic acid, gallic acid, p-coumaric acid, and vanillin. 
Notably, cryptochlorogenic acid has also been reported and 
exhibits significant anticancer activity against Michigan 
Cancer Foundation-7 cells with an IC50 value of 20.8 μM.[10]

Amino Acids

M. oleifera is a nutrient-rich plant containing over 90 
essential chemical constituents, including proteins, lipids, 
carbohydrates, and dietary fiber. Proteins are the most 
abundant component, constituting nearly 25% of the dry 
weight and comprising a wide range of essential and non-
essential amino acids.[2] The seeds are particularly rich in 
lipids, accounting for about 30% of their dry weight, with 
major fatty acids such as oleic, palmitic, and stearic acids.[21] 
In contrast, the leaves contain significant amounts of lipid 
molecules, including palmitic and linolenic acids, further 
contributing to their high nutritional value. Overall, the rich 
nutrient profile of M. oleifera, especially its dried leaves, 
highlights its importance as a valuable dietary resource.[7]

Glucosinolate

Glucosinolates are an important class of sulfur-containing 
secondary metabolites in M. oleifera that contribute 
significantly to its pharmacological properties, including 
antioxidant, anti-inflammatory, and anticancer activities.[22] 
Glucosinolate compounds in M. oleifera are mainly isolated 
from ethanol extracts of the seeds and include bioactive 
constituents such as benzyl glucosinolates, moringasides 
(C–G), moringin, niazimicin, and glucomoringin. These 
compounds exhibit diverse biological activities, including 
α-glucosidase inhibition (moringaside E), anti-adipogenic 
and anticancer effects (moringin), and anti-allergic as well as 
antiviral properties (glucomoringin).[23]

Fatty Acids

Fatty acid compounds in M. oleifera have been identified from 
ethanol, methanol, and ethyl acetate extracts of leaves, seeds, 
and flowers. These include glycerol-1-(9-octadecanoate), 
heneicosanoic acid, monoacetyl glycerol, monacosan-15-
one, octacosanol, oleic acid, 3,4-methyleneazelaic acid, 
and triolein.[24] Among these, oleic acid has demonstrated 
notable anti-allergic activity by inhibiting β-hexosaminidase 
and histamine release, with IC50 values of 53.76 μM and 
56.05 μM, respectively.[25]

Sterols

Sterols constitute a pharmacologically significant class of 
phytochemicals distributed across all parts of M. oleifera, 
where they contribute to the plant’s well-documented anti-
inflammatory, antioxidant, and cholesterol-modulating 
bioactivities.[7] All parts of M. oleifera contain sterol 
compounds, isolable from methanol, ethanol, ethyl acetate, 
and acetone extracts. Five sterols have been identified across 
various plant parts: β-sitosterone, stigmasterol, β-sitosterol-
3-O-glucoside, β-sitosteryl oleate, and 24-methylene-
9,19-cyclolanostan-3-ol. Among these, stigmasterol and 
β-sitosterol-3-O-glucoside demonstrate notable anti-allergic 
activity, inhibiting β-hexosaminidase and histamine release 
with IC50 values of 75.92 and 38.27 μM, respectively; 
the compound selectively inhibits β-hexosaminidase 
release (IC50 = 24.93 μM). Stigmasterol exhibits multiple 
bioactivities, including anti-inflammatory effects through 
inhibition of caspase-1 and nuclear factor kappa B (NF-κB). 
It also shows anti-adipogenic activity by suppressing reactive 
oxygen species (ROS) production and arresting the cell cycle 
at the S and G2/M phases. Additionally, it enhances glucose 
uptake.[26,10]

Vitamins and Minerals

M. oleifera is an exceptionally rich source of essential vitamins 
and minerals, distributed across its leaves, seeds, and pods 
in concentrations that rival or surpass conventional dietary 
sources. The leaves and seeds contain appreciable amounts 
of essential minerals, vitamins, amino acids, and fatty acids, 

Table 1: Phytochemical composition and biological significance of major plant parts of Moringa oleifera
Plant part Major phytochemicals Key compounds Biological significance
Leaves Flavonoids, phenolics, vitamins, 

carotenoids
Quercetin, kaempferol, 
chlorogenic acid

Antioxidant, antimicrobial

Seeds Glucosinolates, isothiocyanates, 
fatty acids

Benzyl isothiocyanate Antimicrobial, anti‑inflammatory

Pods Phenolics, vitamins Phenolic acids Nutritional, antioxidant

Roots Alkaloids, glycosides Spirochin (reported alkaloid) Pharmacological activity

Bark Tannins, alkaloids Anti‑inflammatory, antimicrobial

Flowers Flavonoids, nectar compounds Kaempferol Antioxidant
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including micronutrients such as iron, magnesium, and folate, 
alongside B-complex vitamins and vitamins A, C, and E.[27] 
The most predominant minerals – calcium, potassium, iron, 
and zinc – are essential for numerous physiological functions; 
notably, the calcium content of M. oleifera leaves surpasses 
that of conventional plant-based sources, supporting bone 
strength, hormonal secretion, and nerve transmission.[28] 
Dried leaves concentrate calcium, magnesium, phosphorus, 
potassium, copper, and iron at higher levels than fresh leaves, 
whereas fresh leaves retain superior vitamin C and E content.[29] 
Vitamins, including ascorbic acid, riboflavin, nicotinic acid, 
thiamine, and β-carotene, are consistently identified across 
extracts, complementing this broad mineral profile.[27] 
Collectively, this micronutrient density positions M. oleifera 
as a high-value nutritional intervention, particularly in 
populations vulnerable to micronutrient deficiency.

Isothiocyanates

Isothiocyanates are sulfur-containing compounds that 
exert well-documented anticancer activity in M. oleifera 
through dual mechanistic action. These compounds suppress 
carcinogenesis by inducing Phase II detoxification enzymes 
that neutralize and eliminate reactive carcinogens before 
DNA damage occurs, while simultaneously enhancing 
hepatic detoxification capacity to accelerate systemic toxin 
clearance.[27] The predominant isothiocyanate in M. oleifera, 
4-(α-L-rhamnosyloxy)benzyl isothiocyanate (MIC-1), exerts 
anticancer activity through multi-target pathway modulation, 
inhibiting cancer cell proliferation, promoting apoptosis, 
and suppressing metastasis with minimal toxicity to normal 
cells.[30] At the molecular level, these effects are mediated 
through Bcl-2/Bax modulation, caspase activation, and 
ROSs generation, with demonstrated broad-spectrum activity 
across breast, colorectal, liver, and lung cancers.[31]

PHRMACOLOGICAL ACTIVITIES

M. oleifera elaborates a chemically diverse array of bioactive 
compounds across its tissues that collectively mediate a 
remarkably broad spectrum of pharmacological activities. 
Pharmacological studies confirm the hepatoprotective, 
cardioprotective, anti-inflammatory, antidiabetic, 
and anticancer potential of M. oleifera, alongside its 
ethnomedicinal applications in wound healing, pain, ulcers, 
and liver disease.[32] The pharmacological properties of 
M. oleifera have been studied across multiple biological 
domains, including cardioprotective, antioxidative, antiviral, 
antibacterial, antidiabetic, and anticarcinogenic effects, 
underpinned by exceptional bioactive compounds such 
as polyphenols.[33] Collectively, these activities engage 
molecular targets across metabolic, antimicrobial, anti-
inflammatory, oncological, and cytoprotective domains, 
establishing M. oleifera as one of the most pharmacologically 
versatile medicinal plants in contemporary literature.[7]

Anticancer Activity

M. oleifera has emerged as a pharmacologically significant 
source of anticancer compounds, demonstrating broad-
spectrum cytotoxic activity across multiple malignancy types 
through mechanistically diverse pathways. Its bioactive 
phytochemicals – including isothiocyanates, flavonoids, 
phenolic acids, and alkaloids – exhibit antioxidant, anti-
inflammatory, apoptotic, and antiproliferative effects, with 
documented activity against breast, colorectal, liver, lung, 
prostate, and oral cancers.[31] Isothiocyanates from M. oleifera, 
particularly the predominant compound MIC-1, inhibit 
cancer proliferation and promote apoptosis through multiple 
signaling pathways, curbing migration and metastasis while 
exerting minimal adverse effects on normal cells.[30]

MITC quinazolinone derivatives synthesised from 
M. oleifera isothiocyanate significantly inhibit glioma 
U251, melanoma A375, colorectal HCT-116, cervical 
HeLa, and breast MDA-MB-231 cell proliferation in a 
time- and dose-dependent manner, increasing the Bax/Bcl-2 
ratio and caspase-3 expression without toxicity to normal 
gastric mucosal cells.[34] M. oleifera contains an abundance 
of anticancer phytochemicals across its leaves, pods, and 
seeds – including glucosinolates, isothiocyanates, niazimicin, 
kaempferol, quercetin, and zeatin – that collectively confer its 
chemopreventive and chemotherapeutic properties.[35] Leaf 
and bark extracts of M. oleifera tested against MDA-MB-231 
and HCT-8 cancer cell lines demonstrate a 70–90% reduction 
in colony formation and cell motility, a sevenfold increase 
in apoptotic cells, and 2–3 fold G2/M phase enrichment – 
effects attributable to eugenol, isopropyl isothiocyanate, 
D-allose, and hexadecanoic acid ethyl ester identified by 
GC-MS analysis.[36] Collectively, the mechanistic diversity, 
multi-target pathway engagement, and favorable safety 
profile of M. oleifera phytochemicals position this plant as a 
compelling candidate for further clinical investigation as an 
adjunct in integrative oncology.[31]

Antimicrobial and Antifungal Activity

The antimicrobial activity of M. oleifera is attributable to 
structurally distinct bioactive compounds distributed across 
its plant parts. N-benzyl, Sethyl thio formate, an aglycone 
of deoxyniazimincin isolated from the ethanolic root extract, 
confers broad-spectrum antimicrobial and antifungal activity 
against an extensive range of pathogens,[37] while methanolic 
leaf extract demonstrates targeted inhibition of urinary 
tract pathogens – including both Gram-negative organisms 
such as Klebsiella pneumoniae and Escherichia coli, and 
Gram-positive species including Staphylococcus aureus and 
Staphylococcus saprophyticus.[32,38]

M. oleifera demonstrates broad-spectrum antimicrobial and 
antifungal activity mediated by structurally diverse bioactive 
compounds distributed across its roots, leaves, seeds, stems, 
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and fruits. N-benzylethylthioformate, the aglycone derivative 
of deoxyniazimincin isolated from the alcoholic root extract, 
exhibits potent antimicrobial and antifungal activity against 
numerous pathogens, positioning it as a viable candidate 
for combating microbial resistance.[37] Methanolic leaf 
extract effectively inhibits urinary tract pathogens, including 
K. pneumoniae, S. aureus, E. coli, and S. saprophyticus, 
demonstrating activity against both Gram-negative and Gram-
positive organisms.[39] Extracts derived from leaves, seeds, and 
stems exhibit broad antifungal efficacy against clinically and 
agriculturally significant fungal species, including Aspergillus 
flavus, Aspergillus niger, Fusarium solani, Trichophyton 
mentagrophytes, Penicillium sclerotigenum, Cladosporium 
cladosporioides, and Rhizoctonia solani, among others.[37] 
Notably, methanolic leaf extract achieves 99% suppression of 
Botrytis cinerea, a destructive necrotrophic plant pathogen, 
underscoring its phytoprotective potential. The antibacterial 
activity of M. oleifera seeds is primarily attributed to MIC-1, 
while leaf juice demonstrates broad anti-pathogenic capacity 
against multiple human-infecting microorganisms.[39] 
Alkaloids, flavonoids, and steroids present in M. oleifera 
fruits inhibit Candida albicans proliferation through protein 
denaturation and suppression of spore germination, mediated 
by the unique structural configuration of their steroid rings.[40] 
Seed kernel extract demonstrates selective potency against 
Aspergillus species, Mucor, Bacillus cereus, and S. aureus, 
with comparatively reduced efficacy against Pseudomonas 
aeruginosa and E. coli. The apolar seed extract exhibits 
antibacterial activity selectively directed against Gram-
positive bacterial strains, indicating that extract polarity 
critically determines the spectrum of antimicrobial activity.[41] 
Collectively, the mechanistic diversity – encompassing cell 
wall disruption, protein denaturation, spore germination 
inhibition, and isothiocyanate-mediated DNA interference – 
establishes M. oleifera as a multi-target natural antimicrobial 
agent with substantial therapeutic potential across bacterial, 
fungal, and plant pathogenic infections.[7]

Antioxidant

M. oleifera is among the most potent plant-derived antioxidant 
sources documented in contemporary phytopharmacological 
literature, with bioactive constituents distributed across its 
leaves, seeds, roots, and pods demonstrating robust free 
radical-scavenging activity across multiple validated assay 
systems. Its flavonoids, phenolic acids, and vitamins exhibit 
potent free radical-scavenging activity and modulate key 
oxidative stress signaling pathways, including NF-κB and 
mitogen-activated protein kinase, establishing antioxidant 
activity as a mechanistic foundation underlying many of 
its broader pharmacological properties.[14] Both mature and 
tender leaves contain chlorogenic acid, rutin, quercetin 
glucoside, and kaempferol rhamnoglucoside polyphenolic 
constituents responsible for strong antioxidant activity 
and prevention of oxidative tissue damage.[19,42] Aqueous 
extracts of M. oleifera demonstrate effective free radical 

neutralization, with kaempferol – a flavonoid predominantly 
concentrated in the leaves – identified as the principal 
constituent responsible for this antioxidant capacity.[43] 
Furthermore, M. oleifera exhibits synergistic antioxidant 
protection when combined with piperine and curcumin, 
collectively attenuating beryllium-induced oxidative stress 
in Wistar rats – a finding that highlights its potential as a 
complementary agent in combination antioxidant therapy.

Anti-Inflammatory Effect

M. oleifera exerts well-documented anti-inflammatory activity 
through mechanistically distinct pathways that collectively 
suppress both enzymatic and cytokine-mediated inflammatory 
cascades. Quercetin and kaempferol inhibit the proinflammatory 
enzymes cyclooxygenase (COX) and lipoxygenase, while 
isothiocyanates modulate NF-κB signaling and suppress 
production of pro-inflammatory cytokines tumor necrosis 
factor-alpha (TNF-α) and interleukin-1 beta (IL-1β).[19] The 
anti-inflammatory activity of M. oleifera is mechanistically 
grounded in its capacity to suppress multiple convergent 
inflammatory pathways simultaneously – inhibiting NF-κB 
nuclear translocation, downregulating COX-2 expression, and 
attenuating proinflammatory cytokine production – thereby 
targeting inflammation at both the enzymatic and transcriptional 
level.[15,44] M. oleifera seed oil demonstrates clinically relevant 
anti-inflammatory activity in dermatological conditions, 
effectively reducing keratinocyte hyperproliferation and 
inflammatory mediator expression in animal models of eczema 
and psoriasis, establishing it as a viable topical alternative 
for inflammatory skin diseases.[45] Beyond dermatology, the 
combined anti-inflammatory and free radical-scavenging 
properties of M. oleifera address the pathological nexus between 
oxidative stress and chronic inflammation that underlies 
metabolic and neurological disorders. Preclinical evidence 
supports the beneficial effects of M. oleifera leaf extracts 
in combating the characteristic features of diabetes mellitus 
by targeting oxidative stress and inflammation as primary 
therapeutic endpoints – mechanisms particularly relevant 
given that hyperglycemia-induced ROS generation drives the 
inflammatory cascades that perpetuate insulin resistance.[46] 
Neuroinflammation and oxidative stress are pivotal drivers of 
neurodegenerative conditions, including Parkinson’s disease, 
Alzheimer’s disease, multiple sclerosis, and Huntington’s 
disease, and the neuroprotective and anti-neuroinflammatory 
activities of M. oleifera have been documented across numerous 
studies, attributed to its richness in phytochemicals with 
antioxidant and anti-inflammatory properties.[47]

Antihypertensive

Hypertension is a leading modifiable cardiovascular risk 
factor affecting over 1.3 billion individuals globally, with 
disproportionate prevalence in low- and middle-income 
countries where access to conventional antihypertensive 
therapy remains limited – the same settings where M. oleifera 
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is most widely cultivated and consumed. M. oleifera leaves, 
seeds, flowers, roots, and pods are used in traditional medicine 
to treat hypertension, and preclinical evidence consistently 
attributes antihypertensive properties to the plant, particularly 
its leaves, through multiple mechanistic pathways.[48] M. 
oleifera leaves are particularly rich in bioactive compounds – 
including potassium, calcium, polyphenols, isothiocyanates, 
carotenoids, and tannins – that collectively underpin its 
antihypertensive activity through complementary vascular, 
antioxidant, and anti-inflammatory mechanisms.[49] Among 
the phytochemicals of M. oleifera, moringin – a stable 
isothiocyanate – demonstrates potent antihypertensive activity 
by functioning as a natural angiotensin-converting enzyme 
(ACE) inhibitor, blocking the conversion of angiotensin I 
to the vasoconstrictor angiotensin II and thereby facilitating 
vasodilation and systemic blood pressure reduction.[50,51]

Hepatoprotective and Nephroprotective Activities

The liver and kidneys are the primary organs of detoxification 
and metabolic regulation, rendering them highly vulnerable to 
oxidative stress, inflammation, and xenobiotic-induced injury 
– pathological processes that M. oleifera phytochemicals are 
uniquely positioned to counteract. Pharmacological studies 
confirm the hepatoprotective potential of M. oleifera extracts 
across multiple plant parts, with novel isolates including 
muramoside A and B and niazimin A and B identified as key 
contributors to its organ-protective and antioxidant effects.[32] M. 
oleifera exhibits nephroprotective potential in chronic kidney 
disease through phenolic compounds that confer antioxidant, 
anti-inflammatory, and anti-apoptotic benefits, while 
simultaneously demonstrating hepatoprotective effects against 
paracetamol-induced acute liver toxicity through antioxidant, 
tissue-protective, and immunomodulatory mechanisms.[8] 
The major pathological processes driving both hepatic and 
renal dysfunction – oxidative stress, inflammation, fibrosis, 
and apoptosis – are collectively modulated by M. oleifera 
isothiocyanates, flavonoids, and phenolic acids through 
activation of the Nrf2 cytoprotective pathway, regulation of 
inflammatory signaling, and enhancement of endogenous 
antioxidant enzyme activities, including superoxide dismutase 
(SOD), catalase, and glutathione.[52] Aqueous and alcoholic 
extracts of M. oleifera roots and flowers demonstrate 
significant hepatoprotective activity against acetaminophen-
induced hepatotoxicity, evidenced by dose-dependent 
reductions in serum alanine aminotransferase (ALT), aspartate 
aminotransferase, alkaline phosphatase (ALP), and bilirubin 
– biochemical markers whose normalization collectively 
indicates attenuation of hepatocellular injury, cholestasis, and 
oxidative membrane damage through a multi-mechanistic 
organ-protective action.[7,53]

Antidiabetic

Diabetes mellitus is a chronic metabolic disorder 
characterised by persistent hyperglycemia arising from 

defective insulin secretion, impaired insulin signaling, or both 
– pathological conditions that M. oleifera phytochemicals 
address through multiple convergent molecular mechanisms. 
Preclinical evidence consistently supports the beneficial 
effects of M. oleifera leaf and seed extracts in combating the 
characteristic features of diabetes mellitus, encompassing 
effective blood glucose and insulin control, enhancement of 
insulin tissue sensitivity, improvement of blood lipid profiles, 
and protection against organ damage under sustained 
hyperglycemic conditions.[46] M. oleifera alleviates insulin 
resistance through dual pathway activation – stimulating 
the insulin-independent PI3K/AKT pathway and the AMP-
activated protein kinase (AMPK) pathway in skeletal muscle 
– while simultaneously improving skeletal muscle oxidative 
metabolism through the Sirtuin 1–peroxisome proliferator-
activated receptor (PPAR)-α pathway and enhancement of 
fatty acid peroxidation.[46] At the enzymatic level, quercetin 
activates AMPK, augments glucose uptake through 
GLUT4 stimulation in skeletal muscle, and suppresses 
hepatic glucose production through downregulation of 
phosphoenolpyruvate carboxykinase and glucose-6-
phosphatase – key gluconeogenic enzymes whose inhibition 
mirrors the primary mechanism of the first-line antidiabetic 
drug metformin.[54] A systematic review and meta-analysis of 
44 preclinical studies enrolling 699 diabetic rodents reported 
a pooled blood glucose reduction effect size of −3.92 (95% 
confidence interval: −4.65–−3.19) following M. oleifera 
extract administration, providing quantitative confirmation 
of its antihyperglycemic efficacy across diverse experimental 
diabetes models.[55] Collectively, the multi-target antidiabetic 
mechanism of M. oleifera – spanning insulin sensitization, 
glucose transporter upregulation, gluconeogenesis 
suppression, and oxidative stress attenuation – positions this 
plant as a scientifically validated natural adjunct in diabetes 
prevention and management.

Cardioprotective Activity

M. oleifera demonstrates well-documented cardioprotective 
activity through complementary antioxidant, anti-
inflammatory, and vasoprotective mechanisms. Freeze-dried 
aqueous and alcoholic extracts confer significant protection 
against isoproterenol-induced myocardial infarction in 
animal models, evidenced by restoration of cardioprotective 
enzymes – SOD, catalase, glutathione peroxidase, lactate 
dehydrogenase, and creatine kinase – and attenuation 
of isoproterenol-induced hemodynamic dysfunction.[56] 
Butanolic extract additionally serves as a potent source of 
antioxidants in isoproterenol-induced cardiac necrosis models, 
while the compound N-α-rhamnopyranosylvincosamide 
significantly suppresses myocardial necrosis and 
inflammatory responses, identifying a specific molecular 
mediator of the cardioprotective effect.[57]

At the vascular level, M. oleifera leaf extract protects 
hypertensive rats against cholesterol elevation, an effect 
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attributed to the active thiocarbamate constituents niazirimin 
A, niazirimin B, and niazimicin.[58] Thiocarbamate compounds 
niazimin-A, niazicin-A, and niaziminin-B further exert potent 
antihypertensive activity through targeted ACE inhibition 
– the same mechanistic axis exploited by conventional 
antihypertensives – with protein–ligand docking studies 
confirming higher binding affinity for ACE than the reference 
drugs captopril and enalapril.[7,59]

Wound Healing Activity

Wound healing proceeds through four sequential phases 
– hemostasis, inflammation, proliferation, and tissue 
remodeling – each requiring precise coordination of cellular 
activity, growth factor signaling, and extracellular matrix 
deposition. A Preferred Reporting Items for Systematic 
reviews and Meta-Analyses-guided scoping review of 23 
in vivo studies reported significant wound healing activity 
across all included studies, with M. oleifera aqueous leaf 
extract formulations consistently accelerating wound 
contraction, increasing epithelialization rate, and promoting 
collagen accumulation through combined antimicrobial, 
antioxidant, and anti-inflammatory mechanisms.[60] At the 
molecular level, quercetin, caffeic acid, and kaempferol 
demonstrate the highest binding affinity for wound healing-
related proteins, transforming growth factor-beta 1, vascular 
endothelial growth factor, TNF-α, and IL-1β, collectively 
promoting angiogenesis, fibroblast proliferation, and 
collagen deposition while suppressing the inflammatory 
mediators that impede tissue repair.[61] In methicillin-resistant 
S. aureus-infected wound models, M. oleifera leaf extract 
simultaneously reduces microbial load, increases epidermal 
height, enhances angiogenesis, and promotes collagen 
deposition – demonstrating concurrent antimicrobial and 
tissue-regenerative activity of direct relevance to infected 
and chronic wound management.[62]

Hypocholesterolemic and Hypolipidemic Activities

Dyslipidemia – characterised by elevated total cholesterol, 
low-density lipoprotein (LDL), and triglycerides alongside 
reduced high-density lipoprotein – is a primary modifiable 
risk factor for cardiovascular disease, and M. oleifera 
demonstrates well-documented lipid-lowering activity 
through mechanistically diverse pathways. The ethanolic 
extract of M. oleifera suppresses HMG-CoA reductase 
activity – the rate-limiting enzyme of cholesterol biosynthesis 
– while β-sitosterol present in the leaves exerts documented 
cholesterol-lowering effects in high-fat-fed rats, and leaf 
saponins reduce cholesterol absorption by binding to 
cholesterol and bile acids, thereby diminishing enterohepatic 
bile acid circulation.[19] In diet-induced hypercholesterolemic 
rats, M. oleifera leaf powder at 0.737% and dry extract at 
400 mg/kg body weight significantly attenuate high-fat diet-
induced elevations in total cholesterol, triglycerides, LDL 

cholesterol, malondialdehyde, and hepatic transaminase 
activities – demonstrating simultaneous hypolipidemic and 
hepatoprotective effects.[63] At the transcriptional level, 
M. oleifera leaves prevent hepatic lipid accumulation by 
downregulating diglyceride acyltransferase-2 and PPAR-γ 
gene expression, while concurrently reducing hepatic 
concentrations of proinflammatory cytokines IL-1β and 
interferon-γ in a dose-dependent manner.[64] A systematic 
review of 108 non-clinical and clinical studies confirms 
that M. oleifera exerts its lipid-modulating effects through 
antioxidative and anti-inflammatory actions that collectively 
regulate glucose and lipid metabolism, preserve target 
organ integrity, and favorably modulate gut microbiota 
composition.[65] Collectively, the multi-target lipid-lowering 
mechanisms of M. oleifera – spanning cholesterol biosynthesis 
inhibition, intestinal absorption reduction, hepatic gene 
regulation, and gut microbiome modulation – establish its 
potential as a natural hypolipidemic agent complementary to 
conventional lipid-lowering therapy.[7]

ESTHETIC USE

M. oleifera has emerged as a high-value ingredient in cosmetic 
and dermatological formulations, driven by its exceptional 
concentration of skin-active phytochemicals across multiple 
plant parts. Its phytochemical profile – encompassing fatty 
acids, phenolic acids, sterols, tocopherols, carotenoids, and 
flavonoids – underpins a broad range of dermatological 
effects, establishing M. oleifera as a multifunctional 
cosmeceutical with documented applications in skin 
disease, wound healing, and anti-aging formulations.[66] Leaf 
extracts demonstrate particular promise as topical actives, 
with M. oleifera leaves being notably rich in α-tocopherol 
and other bioactives that protect against oxidative damage 
from ultraviolet (UV) radiation and environmental 
pollution – properties now being harnessed in advanced 
microencapsulated cosmetic formulations to enhance 
skin absorption and sustained delivery.[67] Collectively, 
the antioxidant potency, anti-inflammatory activity, and 
UV-protective capacity of M. oleifera extracts position this 
plant as a scientifically validated, sustainable alternative to 
synthetic actives in modern skincare.[66,67]

TOXICOLOGICAL ASPECTS AND SAFETY 
EVALUATION

Despite its extensive therapeutic applications, a rigorous 
evaluation of the toxicological profile and safety of M. oleifera 
is essential before its broader integration into clinical practice 
and nutraceutical formulations. Safety studies in animals 
involving aqueous leaf extracts indicate a high degree of 
safety, and no adverse effects have been reported in association 
with human studies, with leaf extracts demonstrating the 
greatest antioxidant activity alongside a favorable safety 
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profile across acute and subacute toxicity evaluations.[68] To 
date, no adverse effects of M. oleifera consumption based on 
human studies have been reported, and most in vitro studies 
involving normal human cell lines and cancerous cell lines 
confirm the safety of the plant at therapeutic concentrations, 
with safety maintained even at doses of 2000 mg/kg in animal 
models.[33] However, dose-dependent safety concerns have 
been documented with specific plant parts and preparations. 
At high doses, M. oleifera exhibits severe toxic and 
abortifacient effects, with root bark preparations in particular 
containing thiocarbamate glycosides – including moringinine 
– that demonstrate uterotonic activity, rendering their use 
contraindicated in pregnancy.[32] Subacute toxicity studies of 
leaf extract at doses ranging from 40 to 1000 mg/kg reveal 
transient elevations in liver enzymes ALT and ALP alongside 
reduced creatinine levels, though without corresponding 
adverse histopathological findings – suggesting biochemical 
adaptation rather than overt hepatotoxicity at therapeutic 
dose ranges.[69]

Clinically significant drug interactions represent an 
underinvestigated but important safety consideration. 
M. oleifera extracts inhibit cytochrome P450 enzymes – 
specifically CYP3A4, CYP1A2, and CYP2D6 – in laboratory 
studies, raising the potential for pharmacokinetic interactions 
with co-administered drugs metabolized through these 
hepatic pathways, including lovastatin, certain antifungals, 
and antiretroviral agents. Additive hypoglycemic effects with 
insulin and sulfonylureas, potentiation of antihypertensive 
medications, and possible interference with levothyroxine 
conversion from thyroxine to triiodothyronine have all been 
identified as priority drug interaction concerns warranting 
clinical vigilance.[70] The pharmacological safety of 
M. oleifera requires nuanced understanding, as its therapeutic 
benefits must be balanced against dose-dependent risks, 
plant part specificity, and the absence of standardised extract 
formulations validated through rigorous clinical trials.[71] 
Collectively, while the general safety profile of M. oleifera 
leaf preparations at therapeutic doses is well supported, the 
absence of long-term human safety data, standardised dosing 
guidelines, and systematic drug interaction studies represents 
a critical gap that must be addressed before its widespread 
clinical application can be recommended.

FUTURE PERSPECTIVE AND RESEARCH 
GAPS

Despite its well-documented pharmacological and nutritional 
benefits, the clinical and industrial application of M. oleifera 
remains limited due to several key challenges. A major 
concern is the lack of standardization in extraction methods 
and phytochemical composition, leading to variability in 
reported outcomes.[27] In addition, most evidence is derived 
from preclinical studies, highlighting the need for well-
designed human clinical trials to establish efficacy, safety, and 
optimal dosage. The bioavailability and pharmacokinetics of 

its bioactive compounds are not fully understood, which may 
limit therapeutic effectiveness. Furthermore, comprehensive 
data on long-term toxicity and safety are still insufficient.[19] 
At the molecular level, the precise mechanisms underlying 
its diverse biological activities require further elucidation 
through advanced approaches such as omics technologies. 
Future research should also focus on improving formulation 
strategies for functional foods, enhancing genetic and 
agronomic traits, and exploring novel industrial applications. 
Addressing these gaps will be essential to translate M. oleifera 
from a traditional remedy into an evidence-based therapeutic 
and nutraceutical resource.

CONCLUSION

M. oleifera has emerged as a multifunctional plant with 
significant pharmacological, nutritional, and therapeutic 
potential, largely attributed to its diverse bioactive 
constituents. Although substantial preclinical evidence 
supports its efficacy in managing various diseases, its 
translation into clinical practice remains limited due to 
challenges such as a lack of standardization, insufficient 
human studies, and unclear pharmacokinetic profiles. 
Addressing these limitations through rigorous clinical trials, 
advanced mechanistic studies, and innovative delivery 
systems will be essential. With continued interdisciplinary 
research, M. oleifera holds strong promise as a sustainable 
and evidence-based candidate for future nutraceutical and 
pharmaceutical development.

REFERENCES

1.	 Leone A, Spada A, Battezzati A, Schiraldi A, Aristil J, 
Bertoli S. Moringa oleifera seeds and oil: Characteristics 
and uses for human health. Int J Mol Sci 2016;17:2141.

2.	 Anwar F, Latif S, Ashraf M, Gilani AH. Moringa 
oleifera: A food plant with multiple medicinal uses. 
Phytother Res 2007;21:17-25.

3.	 Bibi N, Rahman N, Ali MQ, Ahmad N, Sarwar F. 
Nutritional value and therapeutic potential of Moringa 
oleifera: A short overview of current research. Nat Prod 
Res 2024;38:4261-79.

4.	 Jaglan P, Kaushik D, Kumar M, Singh J, Oz F, 
Shubham S, et al. A critical review on Moringa oleifera: 
Current status, physicochemical attributes, and food 
industrial applications. Nat Prod Res 2025;39:2293-307.

5.	 Saini RK, Sivanesan I, Keum YS. Phytochemicals 
of Moringa oleifera: A review of their nutritional, 
therapeutic and industrial significance. 3 Biotech 
2016;6:203.

6.	 Liu R, Liu J, Huang Q, Liu S, Jiang Y. Moringa oleifera: 
A systematic review of its botany, traditional uses, 
phytochemistry, pharmacology and toxicity. J Pharm 
Pharmacol 2022;74:296-320.

7.	 Divya S, Pandey VK, Dixit R, Rustagi S, Suthar T, 



Fatima and Upadhyay: Sahjan (Moringa oleifera): A review

International Journal of Green Pharmacy • Jan-Mar 2026 • 20 (1) | 55

Atuahene D, et al. Exploring the phytochemical, 
pharmacological and nutritional properties of 
Moringa oleifera: A comprehensive review. Nutrients 
2024;16:3423.

8.	 Villegas-Vazquez EY, Gómez-Cansino R, Marcelino-
Pérez G, Jiménez-López D, Quintas-Granados LI. 
Unveiling the miracle tree: Therapeutic potential of 
Moringa oleifera in chronic disease management and 
beyond. Biomedicines 2025;13:634.

9.	 Padayachee B, Baijnath H. An updated comprehensive 
review of the medicinal, phytochemical and 
pharmacological properties of Moringa oleifera. South 
Afr J Bot 2020;129:304-16.

10.	 Amin MF, Ariwibowo T, Putri SA, Kurnia D. Moringa 
oleifera: A review of the pharmacology, chemical 
constituents, and application for dental health. 
Pharmaceuticals (Basel) 2024;17:142.

11.	 Abd Rani NZ, Husain K, Kumolosasi E. Moringa genus: 
A review of phytochemistry and pharmacology. Front 
Pharmacol 2018;9:108.

12.	 Setyani W, Murwanti R, Sulaiman TN, Hertiani T. 
Flavonoid from Moringa oleifera leaves revisited: 
A review article on in vitro, in vivo, and in silico studies 
of antidiabetic insulin-resistant activity. J Adv Pharm 
Technol Res 2023;14:283-8.

13.	 Sahakitpichan P, Mahidol C, Disadee W, Ruchirawat S, 
Kanchanapoom T. Unusual glycosides of pyrrole 
alkaloid and 4’-hydroxyphenylethanamide from leaves 
of Moringa oleifera. Phytochemistry 2011;72:791-5.

14.	 Goel F. Exploring the therapeutic role of Moringa 
oleifera in neurodegeneration: Antioxidant, anti-
inflammatory, and neuroprotective mechanisms. 
Inflammopharmacology 2025;33:3653-69.

15.	 Saleem A, Saleem M, Akhtar MF. Antioxidant, anti-
inflammatory and antiarthritic potential of Moringa 
oleifera Lam: An ethnomedicinal plant of Moringaceae 
family. South Afr J Bot 2020;128:246-56.

16.	 Jung IL. Soluble extract from Moringa oleifera leaves 
with a new anticancer activity. PLoS One 2014;9:e95492.

17.	 Elsayed EA, Sharaf-Eldin MA, Wadaan M. In vitro 
evaluation of cytotoxic activities of essential oil from 
Moringa oleifera seeds on HeLa, HepG2, MCF-7, 
CACO-2 and L929 cell lines. Asian Pac J Cancer Prev 
2015;16:4671-5.

18.	 Jiang MY, Lu H, Pu XY, Li YH, Tian K, Xiong Y, 
et al. Laxative metabolites from the leaves of Moringa 
oleifera. J Agric Food Chem 2020;68:7850-60.

19.	 Vergara-Jimenez M, Almatrafi MM, Fernandez ML. 
Bioactive components in moringa oleifera leaves protect 
against chronic disease. Antioxidants (Basel) 2017;6:91.

20.	 Cheenpracha S, Park EJ, Yoshida WY, Barit C, Wall M, 
Pezzuto JM, et al. Potential anti-inflammatory phenolic 
glycosides from the medicinal plant Moringa oleifera 
fruits. Bioorg Med Chem 2010;18:6598-602.

21.	 Abdulkarim SM, Long K, Lai OM, Muhammad SK, 
Ghazali HM. Some physico-chemical properties of 
Moringa oleifera seed oil extracted using solvent 

and aqueous enzymatic methods. Food Chem 
2005;93:253-63.

22.	 Fahey J. Microbiological monitoring of laboratory mice. 
In: Sundberg J, editor. Genetically Engineered Mice 
Handbook. Research Methods for Mutant Mice. United 
States: CRC Press; 2005. p. 157-64.

23.	 Ashraf M, Alam SS, Fatima M, Altaf I, Khan F, Afzal A. 
Comparative anti-influenza potential of Moringa 
oleifera leaves and amantadine invitro. Pak Postgrad 
Med J 2017;28:127-31.

24.	 Guevara AP, Vargas C, Sakurai H, Fujiwara Y, 
Hashimoto K, Maoka T, et al. An antitumor promoter 
from Moringa oleifera Lam. Mutat Res 1999;440:181-8.

25.	 Xie R, Ponnampalam EN, Ahmadi F, Dunshea FR, 
Suleria HA. Antioxidant potential and characterization 
of polyphenol compounds in Moringa oleifera pods. 
Food Sci Nutr 2024;12:10881-902.

26.	 Khalid S, Arshad M, Raza K, Mahmood S, Siddique F, 
Aziz N, et al. Assessment of hepatoprotective, 
nephroprotective efficacy, and antioxidative potential 
of Moringa oleifera leaf powder and ethanolic extract 
against PCOS-induced female albino mice (Mus 
Musculus). Food Sci Nutr 2023;11:7206-17.

27.	 Arshad MT, Maqsood S, Ikram A, Gnedeka KT. Recent 
perspectives on the pharmacological, nutraceutical, 
functional, and therapeutic properties of Moringa 
oleifera Plant. Food Sci Nutr 2025;13:e70134.

28.	 Patil SV, Mohite BV, Marathe KR, Salunkhe NS, 
Marathe V, Patil VS. Moringa tree, gift of nature: 
A review on nutritional and industrial potential. Curr 
Pharmacol Rep 2022;8:262-80.

29.	 Starodubtsev YN, Tsepelev VS, Konashkov VV, 
Tsepeleva NP. Melting, solidification, and viscosity 
properties of multicomponent Fe-Cu-Nb-Mo-Si-B 
alloys with low aluminum addition. Materials (Basel) 
2024;17:474.

30.	 Wu YY, Xu YM, Lau AT. Anti-cancer and medicinal 
potentials of Moringa Isothiocyanate. Molecules 
2021;26:7512.

31.	 Abro F, Kumar N, Kumari S, Qazi S, Khan MS, 
Waafira A, et al. Harnessing the anticancer potential of 
Moringa oleifera: A safer, multi-targeted adjunct. Ann 
Med Surg (Lond) 2025;87:7923-5.

32.	 Pareek A, Pant M, Gupta MM, Kashania P, 
Ratan Y, Jain V, et al. Moringa oleifera: An updated 
comprehensive review of its pharmacological activities, 
ethnomedicinal, phytopharmaceutical formulation, 
clinical, phytochemical, and toxicological aspects. Int J 
Mol Sci 2023;24:2098.

33.	 Azlan UK, Mediani A, Rohani ER, Tong X, Han R, 
Misnan NM, et al. A comprehensive review with 
updated future perspectives on the ethnomedicinal and 
pharmacological aspects of Moringa oleifera. Molecules 
2022;27:5765.

34.	 Xie J, Yang MR, Hu X, Hong ZS, Bai YY, Sheng J, et al. 
Moringa oleifera Lam. Isothiocyanate quinazolinone 
derivatives inhibit U251 glioma cell proliferation 



Fatima and Upadhyay: Sahjan (Moringa oleifera): A review

International Journal of Green Pharmacy •Jan-Mar 2026 • 20 (1) | 56

through cell cycle regulation and apoptosis induction. 
Int J Mol Sci 2023;24:11376.

35.	 Moremane MM, Abrahams B, Tiloke C. Moringa oleifera: 
A review on the antiproliferative potential in breast 
cancer cells. Curr Issues Mol Biol 2023;45:6880-902.

36.	 Al-Asmari AK, Albalawi SM, Athar MT, Khan AQ, 
Al-Shahrani H, Islam M. Moringa oleifera as an anti-
cancer agent against breast and colorectal cancer cell 
lines. PLoS One 2015;10:e0135814.

37.	 Purohit S4 UP. Moringa Oleifera: A Review 
of the Medical Evidence for its Nutritional and 
Pharmacological Properties; 2015. Available from: 
https://www.researchgate.net/publication/280293907_
moringa_oleifera_a_review_of_the_medical_evidence_
for_its_nutritional_and_pharmacological_properties 
[Last accessed on 2026 Apr 29].

38.	 Maurya SK, Singh AK. Clinical efficacy of Moringa 
oleifera Lam. Stems bark in urinary tract infections. Int 
Sch Res Notices 2014;2014:906843.

39.	 Padla EP, Solis LT, Levida RM, Shen CC, Ragasa CY. 
Antimicrobial isothiocyanates from the seeds of Moringa 
oleifera Lam. Z Naturforsch C J Biosci 2012;67:557-64.

40.	 Ahmadu T, Ahmad K, Ismail SI, Rashed O, Asib N, 
Omar D. Antifungal efficacy of Moringa oleifera leaf 
and seed extracts against Botrytis cinerea causing gray 
mold disease of tomato (Solanum lycopersicum L.). Braz 
J Biol 2021;81:1007-22.

41.	 Moodley JS, Krishna SB, Pillay K, Sershen, Govender P. 
Green synthesis of silver nanoparticles from Moringa 
oleifera leaf extracts and its antimicrobial potential. Adv 
Nat Sci Nanosci Nanotechnol 2018;9:015011.

42.	 Otia M, Chorotiya H, Yadav MK, Kashinath GM, 
Sarwade PP, Ahmed S, et al. Pharmacological activities, 
phytochemistry and traditional uses of Moringa oleifera. 
J Res Appl Sci Biotechnol 2024;3:185-93.

43.	 Cambau E, Sougakoff W, Besson M, Truffot-
Pernot C, Grosset J, Jarlier V. Selection of a gyrA 
mutant of Mycobacterium tuberculosis resistant to 
fluoroquinolones during treatment with ofloxacin. 
J Infect Dis 1994;170:479-83.

44.	 Ramamurthy S, Varghese S, Sudarsan S, 
Muruganandhan J, Mushtaq S, Patil PB, et al. Moringa 
oleifera: Antioxidant, anticancer, anti-inflammatory, 
and related properties of extracts in cell lines: A review 
of medicinal effects, phytochemistry, and applications. 
J Contemp Dent Pract 2021;22:1483-92.

45.	 Cretella AB, Soley BD, Pawloski PL, Ruziska RM, 
Scharf DR, Ascari J, et al. Expanding the anti-
inflammatory potential of Moringa oleifera: 
Topical effect of seed oil on skin inflammation and 
hyperproliferation. J Ethnopharmacol 2020;254:112708.

46.	 Mthiyane FT, Dludla PV, Ziqubu K, Mthembu SX, 
Muvhulawa N, Hlengwa N, et al. A review on the 
antidiabetic properties of Moringa oleifera extracts: 
Focusing on oxidative stress and inflammation as main 
therapeutic targets. Front Pharmacol 2022;13:940572.

47.	 Azlan UK, Khairul Annuar NA, Mediani A, Aizat WM, 

Damanhuri HA, Tong X, et al. An insight into the 
neuroprotective and anti-neuroinflammatory effects 
and mechanisms of Moringa oleifera. Front Pharmacol 
2022;13:1035220.

48.	 Menichetti F, Berteotti C, Schirinzi V, Poli C, Arrighi R, 
Leone A. Moringa oleifera and blood pressure: Evidence 
and potential mechanisms. Nutrients 2025;17:1258.

49.	 Srivastava S, Pandey VK, Dash KK, Dayal D, Wal A, 
Debnath B, et al. Dynamic bioactive properties of 
nutritional superfood Moringa oleifera: A comprehensive 
review. J Agric Food Res 2023;14:100860.

50.	 Chiș A, Noubissi PA, Pop OL, Mureșan CI, Fokam 
Tagne MA, Kamgang R, et al. Bioactive compounds in 
Moringa oleifera: Mechanisms of action, focus on their 
anti-inflammatory properties. Plants (Basel) 2023;13:20.

51.	 Qadi WS, Fadzel NT, Mediani A, Sarian MN, Tong X, 
Han R, et al. An insight review on the potential anti-
hypertensive effects of Moringa oleifera. Biomed 
Pharmacother 2025;191:118500.

52.	 Sharma V, Mahajan G, Gupta R. Nutritional content 
and renoprotective potential of miracle tree (Moringa 
oleifera). BioTechnologia (Pozn) 2025;106:223-39.

53.	 Toppo R, Roy BK, Gora RH, Baxla SL, Kumar P. 
Hepatoprotective activity of Moringa oleifera against 
cadmium toxicity in rats. Vet World 2015;8:537-40.

54.	 Nurhayati T, Tarawan VM, Delia H, Faisal F, 
Goenawan H, Setiawan S. Antidiabetic activity of 
Moringa oleifera aqueous leaf extract on prediabetic 
wistar male rats. J Exp Pharmacol 2025;17:861-72.

55.	 Xue P, Han X, Elahi E, Zhao Y, Wang X. Internet access 
and nutritional intake: Evidence from rural China. 
Nutrients 2021;13:2015.

56.	 Nandave M, Ojha SK, Joshi S, Kumari S, Arya DS. 
Moringa oleifera Leaf extract prevents isoproterenol-
induced myocardial damage in rats: Evidence for an 
antioxidant, antiperoxidative, and cardioprotective 
intervention. J Med Food 2009;12:47-55.

57.	 Panda S, Kar A, Sharma P, Sharma A. Cardioprotective 
potential of N,α-L-rhamnopyranosyl vincosamide, an 
indole alkaloid, isolated from the leaves of Moringa 
oleifera in isoproterenol induced cardiotoxic rats: 
In vivo and in vitro studies. Bioorg Med Chem Lett 
2013;23:959-62.

58.	 Bhattacharya A, Tiwari P, Sahu PK, Kumar S. 
A review of the phytochemical and pharmacological 
characteristics of Moringa oleifera. J Pharm Bioallied 
Sci 2018;10:181-91.

59.	 Khan H, Jaiswal V, Kulshreshtha S, Khan A. Potential 
angiotensin converting enzyme inhibitors from Moringa 
oleifera. Recent Pat Biotechnol 2019;13:239-48.

60.	 Mohammad Shafie N, Raja Shahriman Shah RN, Krishnan 
P, Abdul Haleem N, Tan TY. Scoping review: Evaluation 
of Moringa oleifera (Lam.) for potential wound healing 
in in vivo studies. Molecules 2022;27:5541.

61.	 Shady NH, Mostafa NM, Fayez S, Abdel-Rahman IM, 
Maher SA, Zayed A, et al. Mechanistic wound healing 
and antioxidant potential of Moringa oleifera seeds 



Fatima and Upadhyay: Sahjan (Moringa oleifera): A review

International Journal of Green Pharmacy • Jan-Mar 2026 • 20 (1) | 57

extract supported by metabolic profiling, in silico 
network design, molecular docking, and in vivo studies. 
Antioxidants (Basel) 2022;11:1743.

62.	 Sun Y, Chen G, Cao Z, Liu C. Comparison of biochemical 
composition and non-volatile taste active compounds of 
back and abdominal muscles in three marine Perciform 
Fishes, Chromileptes altivelis, Epinephelus akaara and 
Acanthopagrus schlegelii. Molecules 2022;27:4480.

63.	 Ghasi S, Nwobodo E, Ofili JO. Hypocholesterolemic 
effects of crude extract of leaf of Moringa oleifera 
Lam in high-fat diet fed wistar rats. J Ethnopharmacol 
2000;69:21-5.

64.	 Helmy SA, Morsy NF, Elaby SM, Ghaly MA. 
Hypolipidemic effect of Moringa oleifera Lam 
leaf powder and its extract in diet-induced 
hypercholesterolemic rats. J Med Food 2017;20:755-62.

65.	 Almatrafi MM, Vergara-Jimenez M, Murillo AG, 
Norris  GH, Blesso CN, Fernandez ML. Moringa leaves 
prevent hepatic lipid accumulation and inflammation in 
guinea pigs by reducing the expression of genes involved 
in lipid metabolism. Int J Mol Sci 2017;18:1330.

66.	 Garg P, Pundir S, Ali A, Panja S, Chellappan DK, 
Dua K, et al. Exploring the potential of Moringa oleifera 
Lam in skin disorders and cosmetics: Nutritional 
analysis, phytochemistry, geographical distribution, 

ethnomedicinal uses, dermatological studies and 
cosmetic formulations. Naunyn Schmiedebergs Arch 
Pharmacol 2024;397:3635-62.

67.	 Baldisserotto A, Barbari R, Tupini C, Buzzi R, 
Durini E, Lampronti I, et al. Multifunctional profiling 
of Moringa oleifera leaf extracts for topical application: 
A comparative study of different collection time. 
Antioxidants (Basel) 2023;12:411.

68.	 Stohs SJ, Hartman MJ. Review of the safety and efficacy 
of Moringa oleifera. Phytother Res 2015;29:796-804.

69.	 Asiedu-Gyekye IJ, Frimpong-Manso S, Awortwe C, 
Antwi DA, Nyarko AK. Micro- and macroelemental 
composition and safety evaluation of the nutraceutical 
Moringa oleifera leaves. J Toxicol 2014;2014:786979.

70.	 Thien PC, Nguyen TD. Digenean infections in snails 
(cercariae stage) in Can Gio mangrove biosphere reserve, 
Ho Chi Minh City, Vietnam. Heliyon 2024;10:e27923.

71.	 Camilleri E, Blundell R. A comprehensive review of the 
phytochemicals, health benefits, pharmacological safety 
and medicinal prospects of Moringaoleifera. Heliyon 
2024;10:e27807.

Source of Support: Nil. Conflicts of Interest: None declared.


